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Process for the preparation of olefin oxides 



(54) 

(57) A process in continuous is described for the 
preparation of oxides of olefins by the direct epoxidation 
of an olefin with hydrogen peroxide, or compounds 
capable of producing hydrogen peroxide under the 
reaction conditions, in a solvent medium, in the pres- 
ence of a catalytic system consisting of a zeolite con- 
taining titanium and a nitrogenated organic base having 
formula (I). 



group, wherein n is a number ranging from 1 to 10 and 
R 4 and R 5 are H or an alky! group with C r C 10 carbon 
atoms, on the condition that R, R t and R 2 are not con- 
temporaneously H. 



N — Ri 



(I) 



Rz 



wherein: R, R 1f and R 2 , the same or different, can be H, 
an alkyl group with C r C 10 carbon atoms, a -COR 3 
group wherein R 3 is an alkyl group with C r C 10 carbon 
atoms, or a 



O) I 

O) ' 

lO -C — (CH:)„-OH 

S Rs 



UJ 
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(0002] More specially, the pmtnt mm«i WM» » apreet ^ 1 ^ tw „ p.,. 

ing from cations of group I and II with a different base «™f&- ce of titanium - S iiicalite 

ammonium phosphate e poxidation process which uses as catalyst a titanium-silicalite 

Ed, J2 rS^SS.^ i. P - or aciS, selected from Na 2 S0 4 , (NH 4 ) 2 S0 4 , NH 4 N0 3 or 
pST Operating according to these known processes, propylene oxide is obtained wtth a good yield and selectiv- 
„ Li] These processes however have disadvantages deriving from the fact that these catalytic systems have a 

brts=^^ 

l^^SSS-- of the epoxide and a reduction o, the catalytic activity have been 
35 observed during the subsequent regeneration PjJ«* e ooxidation processes which allow a high conversion 
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N — Ri (I) 
I 

R 2 



wherein R 3 is an alkyl group with C r C 10 carbon atoms, or a 
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10 



15 



20 



R4 
I 

-C — (CH 2 ) n -0H 
I 

R 5 



group wherein n is a number ranging from 1 to 10 and R< and R 5 are H or an alkyl group with C r C 10 carbon atoms, on 
the condition that R, R, and R 2 are not contemporaneously H. thulaminD n 

[0017] Preferred compounds having formula (I) are: methylamine. ethylamine, n-pro P ylam,ne, diethylamme, n- 
hntviamine ethanolamlne. diethanolamine, triethanolamine and urea. 

SS^lSwSS having formu.a (I) is fed in continuous and is present in such a concentrat.cn as to neutralize 

to the reaction mixture, preferably from 1 0 to 1 00 ppm. inuonHnn ran hP se | ecte d from 

ro0201 The olefin compounds which can be used in the process of the present invent,on can be elected from 
oman c compounds having at least one double bond and can be aromatic, aliphatic, alkylaromat,c cyclic branched or 
Zr They aTpSei olefin hydrocarbons having from 2 to 30 carbon atoms in the molecule and conta,n,ng at least 

[0 n ^r ble E b x O ampies of olefins suitable for the purposes of the present invention are selected from those having gen- 
eral formula (II) 
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30 



35 



Ri Ra 
\ / 
C==C 

/ \ 
R 2 R< 



wherein' R, R 2 R 3 and R 4 , the same or different, can be H, an alkyl radical with from 1 to 20 carbon atoms a , aryl 
Stefan aiky aryl radical with from 7 to 20 carb^ 
Skyl mSca7with from 7 to 20 carbon atoms. The radicals R„ R 2 , R 3 and R 4 , can form in pairs, saturated or 
rJatumted rings These radicate may additionally contain halogen atoms, nttro. nitrile, sulfonic groups and relative 
esters carbonyl, hydroxyl, carboxyl, thiol, amine and ether groups. 

rao221 Examples of olefins which can be epoxidated with the process of the present invention are: ethylene, propyl- 
ene alty. J££2* I butenes, pentenes. hexenes, octeneheptenes-1 . 1-tridecene. mesity. oxide, .soprene. 
cvcl'o-octene cvclohexene or bicyclic compounds such as norbornenes, pmenes, etc. rf „„ mrrf „„ ei 

[0023] | TN ; olefins can carry the above substituents both on the unsaturated carbon atoms and on different posi- 

S The oxidizing agent used in the process of the present invention is hydrogen peroxide (H 2 0 2 ) or a compound 

St. of C ooler nature are typically used, such as alcohols (methanol, ethanol, isopropyl alcohol, t-butyl alcoho , 
^^CT^^ acetone, methyl ethy, ketone, acetophenone), ethers (teUahydrofunan, butyl ether). 

!?om 40 to 10 VC. The operating pressures are those which allow the olefin to be maintained in hqu.d phase at the pre- 
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w 



15 



set reaction temperature. The operating pressure is generaily higher than atmospheric pressure when gaseous olefins 
lom' ™. catatyst which can be used in the process o, the present invention is selected from those general* 
ST, ^ with an MFI structure can be used, described in the patent U.S. 4,410,501 

described in European patent applications 226 257 226 25 ,8 anc 2^ ^ ^ ^ 

xTi0 2 '(1-x)Si0 2 

should in no way be considered as limiting its scope. 

40 Fx am P le 1 Comparative) 
nviHatinn nf propylene 

50 ucts are fed in continuous by means of pumps: 

1 1 970 g/hour of a solution of methanol/water 92.8/7.2 by weight 

2. 230 g/hour of an aqueous solution of H 2 0 2 at 35% by weight 

3. propylene 

55 4. 1 00 g/hour of water. 

[0047] The overall reaction mixture in the feeding (without propylene) is equal to 2300 g/hour and rts composition is 
the following: 
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H 2 0,3.5%, H 2 0 17%. MeOH 79.5%. 

The pressure in the reactor is maintained at 12 bar, feeding propylene. 

[0048] The reaction trend is followed by taking samples every two hours and determin.ng the res,dual H 2 0 2 by titra- 
tion with sodium thiosulfate and the reaction products by gaschromatography. 
[0049] The results are indicated in Table 1 . 



Table 1 



Reaction hours 


H 2 0 2 conversion % 


PO selectivity % 


6 


90 


67 


16 


82 


75 


30 


75 


80 



Fvam ple 2 (c omparative) 



roosO] Thereactioniscarriedoutunderthesame^^ 

S an aqueous solution containing 0.1 1 5% by weight of sodium acetate, corresponding to 50 pom of the reaction 
20 mixture. The results are indicated in table 2. 

Table 2 
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30 



Reaction hours 


H 2 0 2 conversion % 


PO selectivity % 


6 I 


96 


84 


16 


94 


91 


30 


87 


96 



Sample a (comparative) 

[005!] The same procedure is adopted as in example 1 , but feeding in continuous (1 00 g/hour) an ^™ 
contaLng 0.092% by weight of NaN0 3> corresponding to 40 ppm in the reaction mixture. The resu.ts are shown ,n table 

35 3. 



Table 3 



40 
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50 



Reaction hours 


H 2 0 2 conversion % 


PO selectivity % 


6 


92 


71 


16 


87 


82 


30 


84 


86 



Pvample 4 (c omparative! 

F00521 The same procedure is adopted as in example 1 , but feeding in continuous (100 g/hour) an aqueous solution 
contaLng ^by^ht of NaOH.'corresponding to 20 ppm in the reaction mixture. The resufts are shown ,n table 
4. 



Table 4 



55 



Reaction hours 


H 2 0 2 conversion % 


PO selectivity % 


6 


85 


93 


16 


65 


97.5 
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Table 4 (continued) 



Reaction hours 


H 2 0 2 conversion % 


PO selectivity % 


30 


46 


98 



Example 5 



[0053] The same 



procedure Is adopted as in example 1 , but feeding (100 g/hour) an aqueous solution containing 
H - ■ the reaction mixture. The results are shown in table 5. 



0.23% of ethanolamine, corresponding to 100 ppm in 



w 



15 



Table 5 



Reaction hours 


H 2 0 2 conversion % 


PO selectivity % 


6 


94 


97.5 


30 


92.5 


97.2 


40 


89 


97.4 



20 Example 6 

[0054] The same procedure is adopted as in example 1, but feeding (100 g/hour) an aqueous solution containing 
0 23% of ethylamine, corresponding to 1 00 ppm in the reaction mixture. The results are shown n table 6. 



Table 6 



Reaction hours 


H 2 0 2 conversion % 


PO selectivity % 


6 


95 


96.8 


30 


92 


96.5 


40 


91 


97.5 



Example 7 

35 



ro0551 The same procedure is adopted as in example 1 . but feeding (1 00 g/hour) an aqueous solution containing 
S of n-Trop"amin P e, corresponding 1 00 ppm in the reaction mixture. The results are shown in table 7. 



Table 7 



Reaction hours 


H 2 0 2 conversion % 


PO selectivity % 


6 


92 


96.5 


30 


91.5 


96.8 


40 


91.7 


97 



Claims 

50 1. 



ing general formula (I) 
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R 
I 

5 N — Ri (I) 

I 

R2 

W wherein: R, R, and R 2 , the same or different, can be H, an alkyl group with C,-C 10 carbon atoms, a -COR 3 group 
wherein R 3 is an alkyl group with C r C 10 carbon atoms, or a 



(5 



20 



25 



R 4 
I 

-C — (CH 2 )„-OH 
I 

Rs 

group, wherein n is a number ranging from 1 to 1 0 and R 4 and R 5 are H or an alkyl group with C,-C 10 carbon atoms, 
on the condition that R, R, and R 2 are not contemporaneously H. 

2 The process according to claim 1, wherein the compound having formula (I) is selected from ethylamine, n-pro- 
" pylamine, diethylamine, n-butylamine, ethanolamine, diethanolamine and triethanolamine. 

3. The process according to claim 1, wherein the starting olefin compounds are selected from aromatic, aliphatic, 
Ikylaromatic, cyclic, branched or linear organic compounds, having at least one double bond. 



30 ai 
4. 



40 



The process according to claim 3, wherein the olefin compounds are selected from olefin hydrocarbons having 
from 2 to 30 carbon atoms in the molecule and containing at least one double bond. 

The process according to claim 4, wherein the olefin compounds are selected from those having general formula 

(ID 

Ri Ra 

\ / 
C==C 

/ \ 
R 2 R< 



. n p r and R the same or different, can be H, an alkyl radical with from 1 to 20 carbon atoms, an 
so an alkylcycloalkyl radical with from 7 to 20 carbon atoms. 

6. The process according to Cairn 5, wherein the radicals R,, R 2 , R 3 and R 4 can form, in pairs, saturated or unsatu- 
rated rings. 



55 7 



groups. 



7 



EP 1072 599 A1 

8. The process according to claim 1 , wherein the olefin is propylene. 

9. The process according to claim 1 , wherein the compound having formula (I) is used in a quantrty ranging from 5 to 
500 ppm by weight with respect to the reaction mixture. 

5 10. The process according to claim 9, wherein the compound having formula (I) is used in a quantity ranging from 10 
to 1 00 ppm by weight with respect to the reaction mixture. 

11 . The process according to claim 1 , wherein the hydrogen peroxide is used as an aqueous solution with a minimum 
w titer of 1% by weight. 

12. The process according to claim 1 1 , wherein the hydrogen peroxide is used as an aqueous solution with a titer equal 
to or higher than 35% by weight. 

, 5 13. The process according claim 1 , wherein the moiar ratio between olefin and hydrogen peroxide ranges from 1 0/1 to 
1/10. 

14. The process according claim 13. wherein the molar ratio between olefin and hydrogen peroxide ranges from 6/1 to 
1/2. 

X 15. The process according to claim 1 , wherein the catalyst Is selected from titanium silicalrtes having the following gen- 
eral formula: 

xTKV(1-x)Si0 2 

25 

wherein: x ranges from 0.0QQ1 to 0.04. 

16. The process according to claim 15, wherein the value of x ranges from 0.01 to 0.025 

so 17. The process according to claim 15, wherein in the titanium silicalite part of the titanium is substituted by metals 
selected from boron, aluminum, iron or gallium. 

18 The process according to claim 1, wherein the epoxidation reaction is carried out in one or more solvents, liquid at 
nrdlntempe'ratures. selected from alcohols, ketones, ethers, aliphatic and aromahc hydrocarbons, halo- 
35 genated hydrocarbons, esters and glycols. 

19. The process according to Cairn 1 8. wherein the alcohols are selected from methanol, ethanol, isopropyl alcohol, t- 
butyl alcohol, cyclohexanol. 

«, 20. The process according to claim 1 8. wherein the ketones are selected from acetone, methyl ethyl ketone, acetophe- 
none. 

21. The process according to claim 1 8. wherein the ethers are selected from tetrahydrofuran and butyl ether. 
« 22. The process according to claim 18. wherein the solvent medium is a mixture of methanol with a weight ratio 
ranging from 50/50 and 99/1 . 

23. The process according to claim 1 , wherein the epoxidation reaction is carried out at a temperature ranging from 20 
to 150°C. 

50 24. The process according to claim 21 , wherein the temperature ranges from 40 to 1 00*C. 
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